Prominent motor deficits (e.g., chorea) that typify Huntington's disease (HD) arise following a prolonged prodromal stage characterized by psychiatric disturbances. Apathy, a disorder of motivation characterized by diminished goal-directed behavior, is one of the earliest and most common psychiatric symptoms in HD, but the underlying neurobiology is unclear and treatment options are limited. Alterations in the endocannabinoid (eCB) and dopamine systems represent prominent pathophysiological markers in HD that-similar to motivational deficits-present early and decline across disease progression. Whether changes in dopamine and eCB systems are associated with specific behavioral impairments in HD and whether these deficits are amenable to viable treatments is unknown. Here, we show that dopaminergic encoding of effortful drive progressively declines with age in an HD mouse model, and is restored by elevating tissue levels of the eCB 2-arachidonoylglycerol (2-AG) through targeted inhibition of its enzymatic degradation. This work supports aberrant dopaminergic encoding of reward as a neurobiological correlate of apathy in HD, and indicates that cannabinoid receptor-based therapies may benefit neuropsychiatric care for HD.
INTRODUCTION
Huntington's disease (HD) is a heritable, neurodegenerative disorder caused by expansion of CAG (cytosine-adenine-guanine; glutamine) repeats in the huntingtin (HTT) gene [1, 2] . There is no cure or disease-modifying therapy for HD, and hence treatment is limited to symptom management. The only Food and Drug Administration (FDA)-approved treatment for HD is the dopaminedepleting agent tetrabenazine (TBZ), which is only indicated for the hyperkinetic motor deficits that characterize chorea [3] . Motor dysfunction, however, emerges late in disease progression, typically following the onset of psychiatric impairment by a decade or more [4, 5] . Apathy, a disorder of motivation characterized by diminished goal-directed behavior, is one of the most common and debilitating psychiatric symptoms in HD [5] [6] [7] . Motivational deficits are an inherent feature of HD pathogenesis, presenting early in the prodromal stage and worsening throughout disease progression [7] . However, the underlying neurobiology remains unclear and effective therapies are therefore lacking.
Striatal medium spiny neuron degeneration represents the canonical, histopathological hallmark of HD [8, 9] . However, before gross neurodegeneration and motor symptoms present, alterations in neurochemical transmission arise during periods when patients primarily exhibit psychiatric impairments [10] . Disruptions in endocannabinoid (eCB) and dopamine system function are prominent neuropathologies in HD that present early and worsen across disease progression [11] [12] [13] . Deficits occur in dopamine [14] and cannabinoid type 1 (CB1) [15] receptor expression and function as well as in brain levels of dopamine [16] and the endogenous CB1 receptor ligand 2-arachidonoylglycerol (2-AG) [17] . Because 2-AG signaling at CB1 receptors regulates dopamine neurotransmission and goal-directed motivation [18, 19] , dysfunction in these neuronal systems may contribute to apathy in HD. However, whether progressive changes in dopamine function associate with specific behavioral symptoms characteristic of apathy in HD and whether eCB modulation of dopamine function influences these impairments are unclear.
We recently observed a motivational deficit coincident with compromised dopaminergic input to the nucleus accumbens (NAc) of adult (10 months old) Q175 mice [20] . This knock-in HD mouse model expresses the human Htt allele containing expanded CAG repeats (~179) within the native mouse HTT gene [21] . The apathetic phenotype is characterized by diminished motivation to work for a reward and associated with reduced dopamine release in the NAc following reward receipt, only when effortful costs are high. Because deficits emerge prior to gross motor dysfunction, we consider these measures as a model of prodromal HD. However, whether compromised dopamine dynamics and suppressed effortful responding in this HD model characterize a valid endophenotype of HD or if they are epiphenomena unrelated to symptom progression is unclear. Additionally, whether deficits can be rectified through a clinically viable strategy is unknown. Here we show that this motivational deficit manifests as dopamine function progressively declines across the lifespan, as occurs in HD, and pharmacological elevation of 2-AG signaling at CB1 receptors normalizes behavioral and dopaminergic impairments. This work supports aberrant dopaminergic encoding of reward as a neurobiological correlate of apathy in HD, and indicates that cannabinoid receptor-based therapies may benefit neuropsychiatric care for HD patients.
MATERIALS AND METHODS

Animals
All mice (20-30 g ) were male and received from the Jackson Laboratories (Bar Harbor, ME) at 10 or 30 weeks of age. Mice were housed in a temperature-controlled room maintained on a reverse 12 h light/dark cycle (0700-1900h). Following surgery, mice were housed individually and allowed ad libitum access to water and food. Mice were restricted to 85-90% bodyweight for the duration of behavioral measures. Of note, wild-type (WT) and HD mice are of similar bodyweights, as we have previously shown [20] . All experiments were conducted in the animal's light cycle. Animal care and experimental procedures conformed to the National Institutes of Health Guide for the Care and Use of Laboratory Animals and were approved by the Institutional Animal Use and Care Committee at the University of Maryland, Baltimore.
Surgery
Mice were anesthetized with isoflurane in O 2 (4% induction and 1% maintenance) and implanted with a chronic voltammetry electrode targeting the NAc core (+1.2 anteroposterior (AP), +1.1 mediolateral (ML), −3.7 dorsoventral (DV) relative to Bregma) and a Ag/AgCl reference electrode in the contralateral superficial cortex. All components were permanently affixed with dental cement (Grip Cement Dentsply).
In vivo fast-scan cyclic voltammetry Fast-scan cyclic voltammetry (FSCV) at chronically implantable electrodes [22] was used to monitor dopamine concentration changes during the progressive-ratio (PR) task as previously described [20] . Individual carbon fibers (r = 3.5 µm, Hexcel Corporation) were aspirated into a 5 mm length segment of fused silica. The seal between the silica and carbon fiber was created by applying a two-part epoxy (Super Glue Corporation; TQs12 Epoxy). The exposed carbon fiber was then cut to~150 µm and a silver connector was attached on the opposite end for conductivity. A triangular waveform (−0.4 V to +1.3 V at 400 V/s) was applied at 10 Hz to implanted carbon fiber microelectrodes. Principal component regression (PCR) was used to statistically extract the dopamine component from the voltammetric recording of current [23, 24] . The training set for PCR consisted of five backgroundsubtracted dopamine, and five basic pH shift voltammograms. Measured current was converted to concentration based on a data set developed in vitro using a flow cell apparatus to quantify dopamine oxidation current versus non-faradaic background current [25] . The reward-evoked dopamine signal was quantified Fig. 1 Motivation and dopaminergic encoding of reward is compromised in 10-month-old HD mice and facilitated by endocannabinoids. a Representative cumulative responding during the progressive ratio task for a sucrose pellet reward in WT (left panel) and HD (right panel) mice following each drug treatment. Treatments are vehicle (VEH: WT, n = 11; HD, n = 9), AM-251 (AM: WT, n = 10; HD, n = 9), JZL-184 (JZL: WT, n = 10; HD, n = 11), and JZL-184+AM-251 (JZL+AM: WT, n = 10; HD, n = 9). Vertical tick marks demarcate reward receipt. Drug treatment increased b mean (+SEM) breakpoints (main effect treatment; two-way ANOVA: F (3,71) = 16.32, p < 0.001) and c rewards earned (main effect treatment; two-way ANOVA: F (3,71) = 12.74, p < 0.001) during PR sessions, which were both greater in WT versus HD mice (Breakpoint; main effect genotype; two-way ANOVA: F ( Fig. 1d ) relative to 0.5 s preceding reward delivery. Voltammetry data from a recording session were included in the analysis if all rewardevoked dopamine measures met the statistical criteria for the PCR analysis.
In vitro fast-scan cyclic voltammetry Coronal slices including NAc were prepared from 10-month-old WT and HD mice following methods described previously [26] . Slices were placed in an interface chamber and continually perfused (2 ml/min) with artificial cerebrospinal fluid (ACSF) containing (in mM): NaCl 126, KCl 2.5, NaH 2 PO 4 1.2, CaCl 2 2.4, MgCl 2 1.2, NaHCO 3 25, Glucose 11, HEPES 20, L-ascorbic acid 0.4, pH 7.4, temperature 32°C. FSCV recordings of electrically evoked dopamine release were performed using Demon acquisition and analysis software [27] at a glass-encased cylindrical carbon fiber placed in the NAc. Stimulation pulses (2 ms pulse width) were delivered by a constant current isolated stimulator (A-M Systems, WA) through a bipolar tungsten electrode in contact with the slice. Stimulation pulse duration and timing were controlled by a Master-8 (A.M.P.I., Jerusalem, Israel). Dopamine release was monitored using FSCV by applying a triangular waveform (−0.4 to +1.2 V at 400 V/s) at 10 Hz to the carbon fiber. An input-output response curve was generated by applying increasing stimulation intensities (100-600 µA). Rate of dopamine uptake was determined from the 0.4 mA evoked signal using a first-order rate constant (k) with Demon Analysis [27] . For pharmacological assays, stimulation was controlled using Axon pClamp 9 Electrophysiological Data Acquisition and Analysis. Drugs were applied to the bath as vehicle (VEH), followed by JZL-184 (1 or 2 μM), and then sulpiride (2 μM). Following the onset of drug application, electrical stimulation (0.3 mA) was applied to the slice every 2.5 min. The evoked dopamine concentration was averaged across 3 stimulations and then compared across groups and treatments.
Apparatus
Mice were tested in operant chambers (21.6 cm × 17.6 cm × 14 cm; Med Associates, St Albans, VT) housed within sound-attenuating enclosures. Each chamber was equipped with two retractable levers (located 2 cm above the floor) and one LED stimulus light located above each lever (4.6 cm above the lever). An external food magazine delivered sucrose pellets (14 mg; Bio-Serv, Frenchtown, NJ) to a dispenser centrally located between the two levers. A house light and a white-noise speaker (80 dB, masking noise background) were located on the opposite wall.
Behavior
Mice were trained to lever press for sucrose pellet reinforcement as previously described [20] . Training began with 30 min sessions of a fixed-ratio (FR) 1 schedule that included a 10 s timeout following reward receipt which WT and HD mice perform at similar levels [20] . Mice were switched to PR after stable responding was established (under 15% variation in response rate across three consecutive sessions). The PR schedule of positive reinforcement was used to quantify the effort that animals were willing to expend for a reward [28] . The number of lever presses required to earn each reward (i.e., response ratio) increased exponentially across successive trials (response ratio = [5 × e (0.2 × reward number) -5]), yielding ratios of 1, 2, 4, 6, 9, 12, 15, 20, 25, 32, 40, 50, 62, 77, 95, 118, etc. after rounding to the closest integer. The final ratio attained (i.e., breakpoint) is considered a metric of inherent motivation to expel effort to gain reward. FSCV recordings and drug treatments took place after individual animals displayed stable responding on the PR task (varying by no more than ±1 response ratio over 3 consecutive sessions). Session onset was signaled by both levers extending and illumination of the house light and cue light above the active lever. Responses on the inactive lever were recorded but had no programmed consequences. Upon reaching the response requirement on each trial, a single pellet was delivered, both levers were retracted, and house and cue lights dimmed for a 20 s period before the next trial began. Sessions were terminated after 20 min passed without reward delivery.
Pharmacology
Mice were treated prior to the PR session with vehicle, AM-251 (0.75 mg/kg), JZL-184 (18 mg/kg), or JZL (18 mg/kg)+AM-251 (0.75 mg/kg). Injections were administered intraperitoneally and assigned using a Latin square design with a minimum of 3 days between treatments [29, 30] . Pretreatment times were 30 min for AM-251 and vehicle, and 120 min for JZL [31] . Drugs were prepared in a 1:1:18 vehicle consisting of emulphor, ethanol, and saline, respectively. For slice voltammetry recordings, JZL-184 was dissolved in the VEH solution consisting of 0.1% dimethyl sulfoxide and 1.5% cyclodextrin dissolved in ACSF. Sulpiride was dissolved in ACSF.
Statistics
Mean dopamine concentration changes and behavioral measures were compared between genotypes and across drug treatments using a two-way analysis of variance (ANOVA). Because drug treatments similarly affected both genotypes (i.e., no genotype × treatment interaction) and we were primarily interested in treatment effects, subsequent drug treatment effects were compared separately within each genotype using two-way repeated measures ANOVAs. Dopamine release in brain slices was compared across groups and stimulation parameters or drug treatments using a two-way repeated measures ANOVA. Holm-Sidak post-hoc tests were used when both main effects or the interaction was significant. Comparisons between two groups were made using two-tailed Student's t-tests. Correlations were statistically compared using a one-way ANOVA after transforming Pearson's correlation coefficients (r) to the normally distributed variable z' using Fisher's z' transformation. Statistical tests were performed with SigmaPlot (version 12.5) and significance was set at p < 0.05.
RESULTS
We assessed whether increasing levels of the eCB 2-AG rectifies motivational deficits in HD mice [20] by systemically inhibiting 2-AG degradation in mice performing a PR task for a sucrose reinforcer. Elevating tissue levels of 2-AG with the monoacylglycerol lipase (MAGL) inhibitor JZL-184 (18 mg/kg, intraperitoneally (i.p.)) [31] increases the motivation to overcome response costs during the PR session in both WT and HD mice, and this effect is blocked by co-administration of a dose of the CB1 receptor antagonist AM-251 (0.75 mg/kg, i.p.; Fig. 1a-c) that has no effect alone, demonstrating CB1 receptor dependence. Behavior is similar within each genotype prior to drug treatment (Supplemental Fig. 1 ) and drug treatments similarly affect both groups, despite inherently lower overall responding in HD mice, who work less (Fig. 1b) to earn fewer rewards (Fig. 1c) .
Dopamine released in the NAc controls motivation to obtain rewards [32] and deficient NAc dopamine release accompanies suppressed effortful responding in adult (10 months old) HD mice [20] . To assess whether eCB signaling controls dopaminergic encoding of reward costs, we used FSCV to monitor subsecond dopamine released in the NAc to reward receipt during the PR task. Drug effects on dopamine release are similar to those on PR responding, such that JZL-184 increases the concentration of dopamine released to reward receipt in both groups and this is blocked by a subthreshold dose of AM-251, despite lower overall levels of responding in HD mice (Fig. 1d, e) . Notably, HD mice become indistinguishable from WT controls following JZL-184
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treatment (Supplemental Fig. 2) . Thus, dopaminergic encoding of high reward cost is deficient in HD mice and restored to levels observed in WT mice by increasing 2-AG signaling at CB1 receptors.
Whether augmenting 2-AG signaling in HD mice indiscriminately potentiates dopamine released in the NAc or restores information encoded by dopamine neurons is not clear. To address this question, we compared dopamine release across the PR session, as effortful (i.e., lever presses) and temporal (i.e., time to earn reward) demand exponentially increases on successive trials. Dopamine release increases across the PR session in WT mice in all treatment groups, reaching the highest levels late in the PR session, and this effect is potentiated by JZL-184 in a CB1 receptor-dependent manner (Supplemental Figs. 3 and 4) . Moreover, dynamic dopaminergic encoding of increasing costs only occurs in HD mice following treatment with JZL-184-promoting a similar pattern as observed in WT mice-and this effect is blocked by AM-251 (Supplemental Figs. 3 and 4) . To specifically assess how dopamine release associates with an animal's willingness to work for a reward, we analyzed terminal trials of the PR session as mice reach their respective breakpoint (Supplemental fig. 5; Fig. 2 ). Treatment with JZL-184 increases lever presses in both WT and HD groups (Fig. 2a, b) -as expected from the increased breakpoint-but does not alter the time to earn reward, which did not differ across treatments in either group (Fig. 2c, d ). This differential effect is driven by JZL-184 reducing the decay in response rate (i.e., lever presses per second) as reward cost increases across terminal trials, which occurs in both groups following all other treatments (Fig. 2e, f) . Moreover, as WT mice reach their respective breakpoints, reward-evoked dopamine release increases in all treatment groups and is potentiated by JZL-184 (Fig. 2g) , but dopamine release only increases in HD mice following JZL-184 treatment (Fig. 2h) . Importantly, all effects of JZL-184 are blocked by AM-251. As observed for each individual metric, JZL-184 altered the association between behavior and dopamine measures across terminal trials such that HD mice more closely resemble WT controls (Supplemental fig. 6 ). Thus, increasing 2-AG signaling at CB1 receptors restores deficient effortful drive and dopaminergic encoding of increasing reward costs in HD mice.
Because HD is a progressive neurodegenerative disorder, we assessed whether the behavioral and dopaminergic deficits observed in adult HD mice (10 months old) manifest as they age, as would be expected in a valid HD model. We find that neither behavior nor dopamine measures differ between groups at 3 months of age (Fig. 3) . Specifically, both groups exhibit similar breakpoints (Fig. 3a) , earn a similar number of rewards (Fig. 3b) , and display similar dopaminergic encoding of reward receipt (Fig. 3c) throughout the PR session, and during terminal trials (Fig. 3d-f) .
As prior work demonstrates compromised exocytotic dopamine release in the more aggressive R6/2 mouse HD model [33] , we assessed whether a similar deficit explains deficient dopaminergic encoding of reward in 10-month-old HD mice by recording dopamine released by electrical stimulation in NAc brain slices (Fig. 4) . The concentration of dopamine released during stimulation is reflective of dopamine vesicle content and release probability, while the decaying portion following stimulation represents transporter-mediated dopamine uptake [26] . Dopamine evoked by a single stimulus pulse similarly increases in WT and HD mice as stimulation intensity increases (Fig. 4a, b) and during 'phasic' stimulation trains (Fig. 4c) , demonstrating intact vesicular dopamine function in Q175 HD mice. Moreover, we found no difference in signal decay following stimulation (Fig. 4d) . Thus, compromised dopamine dynamics in 10-month-old HD mice are not explained by altered dopamine terminal function in the NAc. We further assessed whether JZL-184 alters dopamine release in brain slices via local actions at NAc terminals, and found no effect of JZL-184 on dopamine released by a single electrical pulse or by a stimulation train (Supplemental fig. 7 ). Collectively, our findings indicate that deficient reward-evoked dopamine release in 10-month-old HD mice and the ability of JZL-184 to restore this deficit do not arise from alterations in terminal dopamine function, but are more likely explained by differences in midbrain dopamine cell firing. 
DISCUSSION
We investigated dopamine and eCB system function during effortful responding because both neuronal systems and motivation exhibit early deficits that decline across HD progression. Motivation is a process that arouses, sustains, and regulates patterns of action through coordination of sensory, motor, cognitive, and emotional functions [34] . Reduced motivation in HD-often termed apathy-is a specific symptom characterized by decreased initiation of goal-directed behaviors that is not due to gross motor, cognitive, or mood impairments [35] . This apathetic phenotype is recapitulated in HD mice as a reduced propensity to continue seeking reward during the PR task, despite no deficit in locomotion, hedonic processing of reward, or reward consumption when response costs are low [20] . In the current study, we found that this motivational deficit in adult (10 months old) HD mice is absent in younger (3 months old) mice. This progressive decline is characteristic of HD, as motivational impairments correlate with illness duration and disease severity [5] [6] [7] . Such deficits have previously been attributed to corticostriatal dysfunction [35] , and our current and past [20] work implicates reduced dopamine release in the NAc as another contributing factor.
The NAc is conceptualized as a 'limbic-motor interface' that allows emotional information to influence basal ganglia motor circuits [36] , and dopamine input to this region supports persistent responding when effortful costs are high [32] . Accordingly, the decreased magnitude of dopamine released during reward receipt in the NAc of HD mice likely influences a reduced propensity to invest effort to obtain rewards as the response ratio increases during the PR task. Moreover, elevating reward-evoked dopamine release with JZL-184 treatment is associated with reversal of this deficit. Yet, the degree to which reward-evoked dopamine release motivates future behavior or reflects prior circumstance (i.e., reward cost) is not clear. One possibility is that larger dopamine signals ascribe more value to each reward, thus promoting greater effortful investment. Additionally, JZL-184 may support a general increase in dopamine neuron activity, thus increasing tonic dopamine concentration. Both outcomes could support effortful responding as tonic dopamine levels [37] and phasic dopamine signaling [38] relate to the vigor of responding.
Dopaminergic deficits are characteristic pathogenic features of HD that arise early in asymptomatic HD mutation carriers and progressively deteriorate as symptoms worsen over the duration of illness [14] . Additionally, dopaminergic impairments are proposed to underlie dyskinetic movements that characterize motor symptoms such as chorea [39, 40] and cognitive decline [41] , but the factors contributing to dopaminergic deficits and their contribution to apathy are not understood. Here we find that, despite a robust deficit in motivation and NAc dopamine release during the PR task, the 10-month-old HD mice exhibit intact dopamine release and uptake in a brain slice preparation, in contrast to prior measures from the more severe R6/2 mouse HD model [33] . Thus, deficits observed during the PR task likely arise from other factors such as compromised dopamine cell body firing. Because CB1 receptor signaling controls dopaminergic encoding of reward and reward seeking [18, 42] , motivational and dopaminergic deficits observed in HD mice may arise from reduced CB1 receptor signaling in the midbrain.
An impaired eCB system is a hallmark of HD [13] and is associated with behavioral deficits in HD animal models [43] . Cellular impairments include decreased CB1 receptor expression and reduced brain levels of the endogenous CB1 receptor ligand 2-AG (Glass et al., 1993; [17] ). 2-AG is synthesized and then released 'on-demand' predominantly from cell bodies onto presynaptic CB1 receptors following cell depolarization, elevated intracellular [Ca 2+ ], or certain Gq-coupled signaling cascades, and is the predominant eCB mediating retrograde communication in the brain [44] . Within the ventral tegmental area (VTA), 2-AG signaling facilitates dopaminergic input to the NAc and reward seeking via CB1 receptor-dependent suppression of inhibitory input onto dopamine neurons [18, 45] . Alternatively, 2-AG signaling within the NAc suppresses dopamine release and reward seeking via CB1 receptor-dependent suppression of excitatory input to the NAc [29, 46] . We thus hypothesize that increased dopamine release and reward seeking observed in the current study arises from a preferential enhancement of 2-AG signaling within the VTA. In support of this hypothesis, JZL-184 does not alter dopamine released by electrical stimulation in the NAc via local actions at dopamine terminals (Supplemental fig. 7) . Accordingly, the apparent second peak observed in WT mice following JZL-184 treatment (Fig. 1d) likely arises from increased midbrain dopamine cell firing prolonging the dopamine concentration change at dopamine terminals. Importantly, because systemic treatment with JZL-184 restores motivational and dopaminergic deficits in HD mice, pharmacological elevation of 2-AG levels may be a viable treatment option for apathy in HD. Notably, JZL-184 exerts similar effects in WT and HD mice, indicating that therapeutic effects of MAGL inhibition are not specific to pathogenesis in HD, but represent a general strategy for rectifying motivational and dopaminergic deficits, which are prominent in HD. Furthermore, these findings add to a growing body of work demonstrating a conserved role for eCB signaling in facilitating dopamine function during reward seeking [18, 42] . Because the eCB system is compromised in HD, cannabinoidbased therapies have been proposed to treat HD symptoms [11, 47] . However, while targeting eCB signaling improves behavioral and neurobiological deficits in preclinical models [48, 49] , clinical trials have not yielded positive results. A recent trial found no benefit of cannabis extracts that include the CB1 receptor agonist delta-9-tetrahydrocannabinol on motor, cognitive, or behavioral deficits in HD patients [50] . However, the compound used in the current study, JZL-184, amplifies ongoing eCB signaling by inhibiting the degradation of 2-AG via MAGL to indirectly increase CB1 receptor binding [31] . By acting as an indirect CB1 receptor agonist, MAGL inhibitors exert fewer unwanted side effects versus direct CB1 receptor agonists [51, 52] . Indeed, unlike CB1 receptor agonists, JZL-184, at doses similar to those used in the current study, does not exhibit rewarding or aversive properties in place conditioning assays [53, 54] . Moreover, MAGL inhibitors are currently being investigated for treating a variety of disease states, and are in phase 1 trials for neuropathic pain and symptoms of Tourette Syndrome [55] , highlighting their potential clinical viability.
Cannabinoid receptor-based treatments may be advantageous because current therapies have the potential to exacerbate psychiatric symptoms in HD such as apathy. For example, apathy is often treated with antidepressants, but-while sometimes comorbid with depression-apathy is a distinct syndrome [6] driven by unique neural mechanisms. Indeed, we have previously found that, while the Q175 HD mouse model employed in the current study exhibits diminished motivation, they do not display behaviors characteristic of depression [20] . In addition, antidepressant treatment may be problematic for apathy in HD because common antidepressants can suppress motivation by altering dopamine input to the NAc [56, 57] . Moreover, the only FDAapproved treatment specifically for HD is TBZ, which reversibly inhibits the vesicular monoamine transporter-2 (VMAT-2) to suppress dopamine release [58] . While often effective for treating chorea, TBZ is associated with several adverse psychiatric effects [3, 59] , and induces a prominent apathetic phenotype [60, 61] . Thus, alternative approaches are needed for treating apathy in HD.
The current study demonstrates that eCB signaling controls dopaminergic encoding of reward and willingness to work for a reward. Moreover, compromised dopamine function progressively manifests as motivational deficits arise in an HD mouse model with high face and construct validity, and pharmacological enhancement of eCB signaling ameliorates these deficits. This work broadens our limited understanding of non-motor impairments in HD and informs future treatment targets for reducing disease burden.
